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1 Introduction
According to the agreement on SRS made at RAN1#60, dynamic aperiodic sounding will be supported in Rel.10 for more efficient management of sounding resources. Some contributions mention to use the periodic sounding and aperiodic sounding for different proposes. But the sounding procedure of jointly using dynamic aperiodic sounding and periodic sounding in Rel.10 has not been discussed yet.
This contribution provides our views on the possible Rel-10 sounding procedure to efficiently utilize periodic and aperiodic sounding. In addition, signaling design and sounding resource for aperiodic sounding is also discussed.
2 Sounding procedure
Possible sounding methods for Rel.10 can be categorized into:
· Periodic SRS
Periodic sounding in Rel.10 is influenced by the introduction of uplink MIMO. Compared to Rel.8, sounding period is probably extended due to the multiple UL antennas. Functions that require timely CSI, such as link adaptation and frequency domain scheduling, may not be well supported. On the contrary, periodic SRS may still provide sufficient information for latency-insensitive functions, such as uplink power control, and timing control. It shall be noted that sounding using Rel.8 already provide support for sounding of UEs with two transmit antennas.
· In-band aperiodic SRS
In-band aperiodic SRS is transmitted along with PUSCH and covers the same frequency domain position ‎[1]

 REF _Ref260127789 \r \h 
‎[2]

 REF _Ref260127792 \r \h 
‎[3]. For instance, replace one SC-FDMA symbol originally used for data transmission with a sounding symbol or perform sounding via non-precoded DMRS. A constraint is that in-band sounding can not support flexible frequency domain scheduling because frequency bands other than what is used for the PUSCH transmission can not be sounded. Furthermore, the UE needs to transmit data for the eNB to perform sounding, so there is a problem of link adaptation for the data in the first transmission block.
· Out-band aperiodic SRS

Compared to periodic sounding and in-band sounding, out-band aperiodic SRS scheduling can be more dynamic. However, a more flexible scheduling may results in signaling overhead issue because information regarding comb, bandwidth and cyclic shift needs to be conveyed in PDCCH or other channels. This issue is further analyzed in section 3.
The Rel.10 sounding procedure is a combination of these three sounding methods and the use depends on the scenario, the traffic load of the particular UE, the antenna port mode (single or multiple) configuration of the UE etc. We see three possible sounding procedures for a Rel-10 UE as follows:
Procedure 1: Periodic SRS + In-band aperiodic SRS
Procedure 1 mainly uses periodic SRS for frequency domain scheduling and uses in-band aperiodic SRS for link adaptation as shown in fig. 1. Since the accuracy of the frequency domain scheduling is poor, this procedure is mainly useful for UEs with large payloads which require transmission over multiple subframes and in each scheduled subframe utilize a wide resource allocation. Since transmission bandwidth is large in this case, there is less benefit of attaining wide sounding to achieve accurate frequency selective scheduling gains.
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Fig. 1 Periodic SRS + In-band aperiodic SRS
Using non-precoded DMRS as in-band sounding is attractive since it does not reduce the used PUSCH resources but there will be a loss in channel estimation and consequently demodulation performance since DMRS is non-precoded (i.e. antenna specific) whereas the PUSCH is precoded.
This procedure is simple and control signaling overhead may be insignificant since triggering of in-band sounding is done within the UL grant. If consecutive PUSCH transmissions are scheduled over adjacent/nearby subframes, link adaptation can be enhanced because timely CSI can be obtained from in-band sounding. 
The main drawback is that the frequency domain scheduling relies mainly on periodic sounding which periodicity may be need to be increased due to larger capacity need caused by multiple antennas per UE. Hence, the frequency selective scheduling is only coarse. In addition, as shown in fig. 1, RI/PMI/CQI adopted for the first scheduled PUSCH may not be accurate due to time delay between the periodic SRS and the scheduled subframe.
Procedure 2: Periodic SRS + Out-band aperiodic SRS
Procedure 2 mainly uses periodic SRS for coarse frequency domain scheduling and uses out-band aperiodic SRS for fine frequency domain scheduling and link adaptation, as shown in fig.2. 
This is useful for bursty traffic UEs with relatively small payloads which benefit from frequency selective scheduling. These UEs often need re-initialization of link adaption and due to the bursty traffic; configuration of frequent periodic SRS is undesirable. The out-band sounding is thus useful to provide initiation of the link adaptation without imposing any constraints that the UE needs to concurrently transmit data as in the in-band sounding of Procedure1. Note that out-band sounding of multiple UEs in parallel can be used by using cyclic shift and eventually OCC separation. The combination of out-band sounding and PUSCH transmitting UE is also possible. However, the use of the out band sounding is dynamic and up to scheduler decisions.
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Fig. 2 Periodic SRS + Out-band aperiodic SRS
The out-band sounding provides timely CSI of interested band at the possible cost of control signaling design complexity. In order to minimize the system impact, it is beneficial if scheduling of out-band and in-band sounding can be made using the same DCI format as UL MIMO.
Procedure 3: Periodic SRS + Out-band aperiodic SRS + In-band aperiodic SRS

Procedure 3 includes all three sounding methods and thus allows maximal flexibility. As illustrated in fig.3, periodic SRS can be used for coarse frequency domain scheduling. Out-band aperiodic SRS is used for fine frequency domain scheduling over an interested band and initiation of link adaptation. In-band aperiodic sounding can further enhance link adaptation if consecutive PUSCH transmissions are scheduled on adjacent/nearby subframes.
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Fig. 3 Periodic SRS + In-band aperiodic SRS + In-band aperiodic SRS
Procedure 3, which is a combination of procedure 1 and 2 is the most flexible in handling diverse applications, scenarios and deployments. It may look like two different aperiodic sounding methods are proposed, but the difference is rather marginal, namely whether the aperiodic sounding is carrying a concurrent PUSCH transmission or not. It is desirable to support out-band and in-band sounding within the same control signalling format not to increase the number of blind detections. 
Therefore, procedure3 is preferred for its flexibility and wide application scenarios with marginal additional standard effort.
3 Design for aperiodic sounding
3.1 Sounding resources for dynamic aperiodic SRS
Aperiodic SRS can either be transmitted within the existing SRS resources or using additional resources such as sounding via DMRS or reserved PRBs ‎[4]‎[5]‎[6]. 
While using existing SRS resources is straightforward, it reduces the sounding resources available for periodic SRS transmission and Rel.8 UEs. One solution is to use additional cyclic shifts but if the propagation condition does not allow this, it results in lower sounding quality and higher inter-cell interference. Also, the load on Rel.8 SRS is of concern as well as the scheduling flexibility, for both periodic and aperiodic SRS. Therefore it is proposed that:
Proposal: To introduce additional SRS resources for aperiodic sounding.

3.2 Signalling aspects for aperiodic sounding
In previous RAN1 meetings, signalling aspects for dynamic aperiodic SRS are intensively discussed. Based on the analysis in section 2, this issue is addressed for in-band and out-band sounding respectively.
For in-band aperiodic SRS, it is straightforward to adopt activation via UL grant, as it is transmitted along with PUSCH. The signalling overhead introduced can be small as most configurations such as bandwidth and frequency domain position can be implicitly conveyed.

Signalling designs for out-band sounding can be categorized into:
· Option 1: predefined pattern + dynamic activation
Option 1 configures aperiodic SRS transmission mainly via higher layer signalling and coveys only limited information such as activation bit in PDCCH. For option 1, PDCCH overhead introduced is small. However, the flexibility is constrained as most of the configurations are predefined which means that the use of out-band sounding for initiation of link adaptation for UEs with bursty traffic is limited. Thus, methods for flexibility enhancement are desired. On the other hand, as sounding is not strictly associated with uplink data transmission, allowing activation from different types of DCI could bring more flexibility.
· Option 2: dynamic configuration and activation
Option 2 configures and activates aperiodic SRS transmission via PDCCH, possibly using the UL MIMO DCI, therefore allows full sounding flexibility and simple co-scheduling of sounding UEs or sounding+PUSCH UEs. On the other hand, the additional PDCCH overhead needs to be considered and this solution may not be suitable for all scenarios and for all UEs depending on uplink traffic load. Methods to save signalling overhead, e.g. multiple shots per activation, may be needed.
Both options need further consideration while option2 is slightly preferred due to less scheduling constraints.
4 Summary
This contribution analyzes the Rel-10 sounding procedures and discusses how the periodic sounding and aperiodic sounding can be jointly utilized for different sounding purposes.

It is proposed to
· Use Rel.8 SRS for the periodic sounding
· Use new sounding resources for the aperiodic sounding through
· In-band sounding, i.e. with concurrent PUSCH transmission
· Out-band sounding, i.e. without concurrent PUSCH transmission

Signaling design for aperiodic sounding is also discussed and it is desirable if in-band and out-band sounding could maximize use of the current UL MIMO DCI format. Further enhancement is not precluded though.
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